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I.  INTRODUCTION 

Contributions  to  the  molecular  absorption  coefficient  for  DF  lasers 
arise  from  aosorption  by  N2O,  CH4,  CO2,  HDO,  and  a water  continuum. 

Report  RADC-TR-73-389[l ] gave  calculated  values  for  the  absorption 
coefficient  fo~  each  of  the  above  components.  Since  issuance  of  that 
report  the  following  additional  information  has  come  to  our  at.enticn. 

According  to  Professor  Benedict[2]  the  CH4  calculations  from  tne 
AFCRL  data  tape  may  be  less  accurate  than  the  other  coefficients  in  the 
3.8u  wavelength  region. 

Ur.  Orlo  Myers [3]  has  looked  at  CO2  absorption  experimentally  and 
has  found  that  the  absorption  coefficient  in  some  cases  is  four  orders  of 
magnitude  higher  than  shown  in  TR-73-389.  We  have  also  measured  the  CO2 
coefficient  for  the  2-1  P(E)  line  and  have  confirmed  tnis  result.  Our 
data  is  included  with  this  report.  The  reason  fo"  tfe  discrepancy, 
apparently,  is  that  an  isotopic  CO2  band  exists  in  tnis  region  which  was 
not  included  in  the  AFCRL  data  tape.  The  CO2  coefficient  is  of  the  order 
of  10-4  kirr1  and  therefore  is  still  small  compared  to  the  water  vapor 
coefficient  at  sea  level. 

Experimental  resu’ts  vere  given  in  a recent  report[4]  for  five  UF 
lines  where  N2O  absorption  was  considered  important. 

Since  the  water  coefficients  are  quite  small  their  accurate 
measurement  is  difficult.  In  the  case  of  the  HDO  component  we  have  en- 
hanced the  absorption  by  using  an  enriched  gas  mixture  (6.2  parts  HDO  to 
100  parts  total  water)  in  the  multi-path  cell.  The  first  data  from  these 
experiments  is  given  in  this  report.  It  will  be  seen  that  the  data  scatter 
in  these  experiments  is  already  very  small. 

Future  work  will  include  a more  complete  study  of  the  limitations 
involved  in  extrapolation  of  the  results  of  these  experiments  to  normal 
atmospheric  conditions;  extension  to  more  DF  lines;  and  more  careful 
analysis  of  the  gas  composition  of  the  mixture. 

B''rch[5]  studied  the  3.8u  water  continuum  by  measuring  t.ie  absorption 
of  high  pressure  samples  of  pure  water  in  an  elevated  temperature  long 
patu  cell.  It  was  then  necessary  to  assume  a broadening  coefficient  and 
to  extrapolate  temperature  in  order  to  estimate  the  coefficient  for  normal 
atmospheres.  This  was  the  method  used  in  the  calculations  of  • R-73-389 . 

We  present  here  the  derivation  of  formulas  which  will  make  easier 
the  comparison  of  Burch's  results  with  our  experimental  coefficients  in 
km-1.  Purch[6]  has  pointed  out  that  whether  the  continuum  arises  from 
line  wings,  pressure  induced  bands,  or  dimers  the  pressure  dependence  is 
the  same,  i.e.,  the  absorption  coefficient  is  proportional  to  pressure. 
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Til  us  we  can  write 


-[C  e/760  + C,  P'/760]u 
(1)  T = e s b 


where 


- 1 2 - 1 

= self-broadening  coefficient  (mol  cm  atm  ) 
= foreign  broadening  coefficient 
e = water  vapor  pressure  in  torr 
P = total  pressure  in  torr 
P*  = broadener  pressure  in  torr  = (P-e) 

O 

u = water  content  of  sample  (mol  cm  ) 

T - t rans, mi  t Lance 

, _i , 

k = aosorp^ior.  coefficient  ^km  '). 


The  water  content  of  a one  Km  patn  is  given  by 
(2 ; u =■  . ,’34  x 1022  (e/760/T)  x 105  mol  cm-2 


where  T is  now  temperature  in  deg  K. 


Now  assume  4,/Cs=.12[5]  and  combine  equations  (1)  anc  (2)  leading  to, 

or  C e . 

(3)  k = 1.5'  x .0*  — j—  [7.3  e + P]  km"'. 

This  formula  used  witn  the  extrapolated  Burch  data [5]  for  296  K will 
yield  the  values  ir,  report  RA.JC-TR-73-389.  ite  intone  to  state  the  results 
of  our  planned  spectrophone  experiments  in  terms  of  Cs  so  that  an  easy 
comparison  with  previous  wo,  k will  be  possible. 

The  experiments  referred  to  will  be  performed  using  a spectrophone 
illuminated  with  a DF  laser  and  using  water  vapor-nitrogen  mixtures  at 
ambient  temperature.  The  laser  is  located  at  UARL  in  Hartford,  Connecticut. 

Calculated  results  are  given  in  report  RADC-TR-73-389  for  30  DF 
laser  lines.  Although  most  of  these  lines  may  eventually  be  Scudied 
experimentally,  the  present  ohase  of  the  work  is  concentrated  on  a smaller 
number  of  lines. 

For  HDO  we  are  studying, 

3-2  P(6) , P(7) , P ( 8) 

2-1  P(6) , ?( 7),  P(8) 

1-0  P(ll) 
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and  for  1^0, 

3-2  P(6 ) , P( 7) , P(8) 

2-1  P(10),  P(ll). 


II.  HDO  KLASJREMENTS 

The  equipment  and  data  recording  procedures  for  these  experiments 
were  identical  to  those  described  fer  the  N2O  measurements[4]  and  hence 
toe  description  will  not  be  repeated. 

We  are  labeling  the  HDO  data  preliminary  at  this  time  since  these 
neasurements  wci'e  performed  using  the  same  detector  linearity  corrections 
as  were  usee  with  the  NpO  measurements. 

Further  detector  calibration  work  is  required  for  two  reasons.  First 
there  is  the  possibility  of  detector  and  or  electronic  circuitry  changes 
with  time  of  the  order  of  months  since  the  last  coiibration.  Second  the 
""cser  power  output  is  in  general  much  higher  for  2-1  lines  than  for  3-2 
lines  thus  requiring  a calibration  over  different  detector  \oltage  ranges. 

In  these  experiments  it  was  necessary  to  devise  a careful  sample 
preparation  procedure. 

In  the  steady  state,  HDO  does  not  exist  alone  but  rather  in  equi- 
librium with  H2O  and  D2O  according  to  the  following  equation: 

(4)  H20  + D20  ^ 2HD0. 

The  relative  concentrations  of  the  three  types  of  water  can  be  calculated 
from  the  equilibrium  co.  stents,  K2930  = 3.543  and  1^293°  = 3.506[7]  for 
the  liquid  and  gas  phases  respectively. 

The  procedure  used  in  preparing  the  samples  for  the  work  presented 
here  was  to  mix  a known  amount  of  D2O  with  a known  amount  of  H2O  and 
calculate  the  resulting  amount  of  HDO  using  the  equilibrium  constant. 

A formula  relating  the  final  amount  of  HDO  to  the  initial  amounts  of  D2O 
and  H2O  can  be  derived  as  follows: 

Let  C^o  1x2  The  initial  volume  of  H2O,  Cq^O  he  The  initial  volume  of 

D2O,  and  Chdo  be  the  final  volume  of  HDO.  Using  these  definitions  Eq.  (4) 
becomes 

(5/  (CH^0  - Chd0/2)  H20  + (CD^0  - Chdo/2)  D20  ^ CH[)Q  HDO. 
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Tne  terms  i i.  parenti  eses  ic  Ec, . (5),  (C^o  - %io/2)  and  (C^q  - ChDQ/2) 

arc  the  f.nal  amounts  of  ar,a  D2Q  respectively.  .he  fina>  amounts  of 
H2O,  O2O  ar.d  HDO  are  related  to  the  appropriate  ec  iilibrium  constant  < oy 


(6) 


/2 7 


= K 


or 


(7) 


vLHD0* 


- K. 


c c - — iP—  (c  + c 

LH20  LD20  2 ^0  LJ20 


) + 


^CHD0‘l 


Equation  (7)  may  be  written  as  follows 
\2 


(8) 


(CHD0^  (4"K'  + CHD0  (CH20  + CD20^  ' 4fv  Ch2C  ^0  = °* 


Equation  (8)  may  now  be  solved  for  C^qq  using  the  quad 'at. c form-la, 


(9) 


'K^CH20+t'U?0;+/l(2^CH20+CD20^  T4K(tt'N;CH20C020 


'HDO 


T4-TT 


For  the  measurements  reported  here  the  enhanced  HDO  mixture  was 
prepared  by  mixing  10  ml.  D2O  with  300  ml.  H?0.  This  results  in  a 
mixture  of  liquid  water  containing  0.116'*  D2O  and  6.219%  HDO  with  the 
remainder  being  H2O,  or  a gaseous  mixture  containinq  0.118V  D2O  and 
6.215%  HDO  with  the  remainder  being  H2O.  Tne  concentration  of  HDO  was 
taken  *'0  1 e ( 22  s zc  ‘■he  original  amounts  of  D2O  and  H2O  could  not 
be  measured  accurately  enough  to  justify  carrying  the  third  decimal 
place.  The  absorption  due  to  D2O  was  not  measured  separately  so  there 
may  be  a small  contribution  to  the  absorption  coefficients  reported  here 
which  is  caused  by  D2O  as  well  as  HDO. 

In  spite  of  the  fact  that  the  sample  is  approximately  94%  H2O  one 
can  assume  that  the  water  centinuum  absorption  in  a one  km  path  is  so 
small  that  it  will  not  cause  an  appreciable  error  in  the  measured  HDO 
coefficients[l]. 
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Inert;  is  another  potercial  problem  which  couio  be  encountered  when 
the  enhanced  sample  is  introduced  into  the  White  cell.  This  is  caused 
by  the  fact  that  HDO  is  le.,s  volatile  than  H2O  ano  tnerefore  remains 
preferentially  in  the  condensed  phase.  It  has  been  reported[8]  that  in 
thermodynamic  equilibrium  water  vapor  over  liquid  water  will  contain  8 
fewer  HOC  molecules  than  the  liquid  water.  When  the  water  vapor  is  being 
introduced  into  the  White  cell,  the  liquid  and  gas  are  certainly  not  in 
tnermodynamic  equilibrium  so  the  HDO  concentration  could  be  quite  uncertain. 
This  proolem  was  overcome  by  falling  a small  bottle  witn  just  enough  of 
the  enhanced  ;ater  to  f 11  the  White  cell  with  the  desirec  amount  of 
water  vapor  and  evaporating  the  sample  completely. 

One  other  problem  which  might  possibly  affect  the  HDO  concentration 
would  be  preferential  adsorption  of  HDO  by  the  walls  of  the  White  cell. 

The  cell  has  been  tested  several  times  for  H2O  adsorption  and  none  has 
been  detected.  However  this  test  has  not  been  made  with  HDO.  It  is 
our  intention  to  sample  some  enhanced  water  vapor-nitrogen  mixtures  and 
send  them  to  a commercial  laboratory  for  mass  spectrographic  analysis. 
Pending  that  analysis  it  is  our  belief  that  preferential  HDO  adsorption 
is  not  a problem. 

We  are  also  adding  a mass  spectrometer  analyzer  +o  our  White  cell 
so  that  the  HDO/H2O  ratio  can  be  monitored  as  a function  of  time  in  order 
to  evaluate  some  of  the  ab^ve  potential  problems.  We  do  not  expect  that 
our  instrument  will  be  accurate  enough  for  absoljte  concentration 
dete  'ini nations.  For  that  we  intend  to  rely  on  the  equilibrium  constant 
method  and  the  commercial  laboratory  analysis. 

Figures  1,  2 and  3 show  the  results  for  the  3-2  P(6),  P(7)  and  P(8) 
lines  respectively.  The  absorption  cell  path  length  was  731.7  meters  and 
originally  co.  ta./.ed  15  torr  of  the  5.22  parts  HDO  to  100  parts  total  water 
mixture  plus  nitrogen  to  a total  pressure  of  760  torr.  The  lower  points 
on  the  curve  were  then  obtained  by  partial  pumpout  of  the  sample  followed 
by  a refill  to  760  t.irr  with  nitrogen. 

For  eacn  line  a lea..t  squares  fit  of  the  data  to  an  expression  of 
the  form  K = Ap  + Bp^  was  made,  where  K is  the  absorption  coefficient 
and  p is  tne  partial  pressure  of  enriched  water  vapor  in  torr.  The 
derived  expression  is  ,>rerumed  to  be  a more  accurate  characterization  of 
the  absorption  coefficient  than  any  individual  data  point.  The  expressions 
for  tne  measured  absorption  coefficients  for  the  three  lines  are  presented 
in  column  3 of  Table  I.  The  expressions  are  valid  for  760  torr  total 
pressure  with  p being  the  partial  pressure  of  the  enriched  water.  The 
absorption  coefficients  extrapolated  to  .03»  HDO  and  14.26  torr  water  vapor 
are  presented  in  column  4 of  Table  II.  These  coefficients  were  obtained  by 
evaluating  the  expressions  in  column  3 for  p = 14.26  torr  and  multiplying 
by  .03/6.22.  This  procedure  assumes  that  line  broadening  caused  by  HOG  - 
HDO  collisions  is  about  the  same  cs  line  broadening  due  to  HDO  - H2O 
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6.2  PARTS  HDO/ioO  PARTS  TOTAL  WATER 


PARTIAL  PRESSURE  ( torr) 


a.  3.  Measured  HD0-N2  absorption  coefficient 
for  3-2  P ( 8)  line. 


collisions.  The  absorption  coefficients  calculated  from  the  AFCRL  tape 
for  14.26  torr  water  and  760  torr  total  pressure[l]  are  presented  in  column 
5 for  comparison. 


TABLE  1 


IUI  . 1 

I den 

OU  1 • c. 

V 

cm”^ 

^exp  at  C.22/0  HDO 
(km-1)  | 

,,0SU 

\ 03. HC0,  14.^6  torr  n20 
(Kin-1) 

KcaU 

; (Km-1) 

1 

3-2  P(6) 

1 — ^ ! 

’594.25 

: . 231p+l .58xl0_3p2 

.0174 

.00667 

3-2  P(7) 

2570.51 

9.77x10"2p+1.93x10'3p2 

.00861 

.00478 

3-2  P ( 8 ) 

2546.42 

3.00xi0‘2p+4.01xU)‘V 

.00246 

.00135 
■ . — ■ . - . 

III.  PURE  C02  ABSORPTION 

Absorption  of  the  2-1  P(3)  DF  laser  line  at  2631 .06  cm"1  by  pure  C02 
was  measured  for  C02  pressure  of  248,  503,  and  761  torr  in  a path  of 
731.7  meters.  The  result  of  that  measurement  is  shown  in  rig.  4.  The 
results  of  this  experiment  ire  less  reliable  than  the  HDO  measurements 
because  the  detector  calibration  was  not  sufficiently  well  known.  The 
point  at  761  torr  is  probably  within  1 0 si  with  the  otner  two  points  being 
somewhat  worse.  The  measured  absorption  coefficient  was  1.6  km"  at  761 
torr.  Assuming  <.  broadening  coefficient  of  1 this  corresponds  to 
5.3  x 10-4  km"*  at  330  ppm  C02  and  1 atmosphere  total  pressure.  As 
discussed  in  tt.e  introduction  this  is  higher  than  one  computes  from  tne 
AFCRL  data  tape [ 1 ] because  the  necessary  C02  line  data  is  not  included  in 
the  tabulation. 


IV.  Cri4  - AIR  ABSORPTION 

Absorption  of  the  2-1  P(6),  2-1  P(7),  and  2-1  P(8)  DF  Laser  lines 
by  methane-air  mixtures  was  also  measured.  The  absorption  cell  was  set 
for  a path  length  of  731.7  neters  and  originally  contained  2263  parts 
per  million  methane  plus  dry  air  to  a total  pressure  of  760  torr.  Lower 
concentrations  were  then  obtained  by  partially  evacuating  the  ceil  and 
refilling  to  760  torr  with  dry  air. 
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0 100  200  300  400  500  600  700  000 


C02  PRESSURE  (torrl 


Fig.  4.  Measured  CO?  absorption  coefficient 
for  2-1  P(8)  line. 

Before  these  measurements  were  made  the  detectors  were  calibrated 
for  the  2-1  Dand  using  the  2-1  P ( 1 0 ) DF  laser  line.  The  equipment  and 
calibration  procedure  used  were  identical  to  those  ror  the  3-2  band 
calibration  reported  earlier[4]  and  will  therefore  not  oe  repeated. 

Figures  5,  6,  and  7 show  the  measured  absorption  coefficients 
versus  CH4  concentration  for  the  2-1  P(6),  P(7),  and  P ( 8)  lines  respectively. 
For  each  line,  a least  squares  fit  of  the  data  to  a straight  line  through 
the  origin  was  made. 
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Fig.  6.  Meast  - jd  H4  - Air  absorption  coefficient 
for  2-1  K7)  line. 
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CH4  CONCENTRATION  (ppmxio3) 


Fig.  7.  Measured  CH4  _ Air  absorption  coefficient 
for  2-1  P{8)  lino. 
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Assuming  a natural  CH4  abundance  of  1.6  ppmi.9],  Table  i.  gives  the 
CH.4  absorption  coefficients  for  the  three  laser  lines  as  extrapolated 
from  the  experimental  cata  for  comparison  the  calculated  values|.4J  are 
also  given. 


TABLE  II 


1 

• 

V 

(cm-1)  | 

^CSL  | j/ 

exp  j '■-ale 

| (km~^ ) (km  1 ) 

2-1  P(6) 

2680.17 

, 15.2  £-4  ! 3.1C3  £-4 

2-1  P(7) 

2655.85 

1 11.3  E-4  ; 6.015  E-4 

2-1  P(b) 

i 2631.06 

i 8.59  E-4  7.bc4  t-4 

These  reas jrements  w 11  be  used  to  calibrate  thi  s,v  ctrophone  iO, 
the  Uni  tea  Aircraft  experiments. 

V.  SUMMARY 

Recent  DF  laser  absorption  measurements  made  with  tne  multi -tra versa  1 
cell  have  been  presented. 

An  experiment  using  a one  watt  DF  laser  and  an  acoustic  spectro- 
phone  is  being  planned.  With  this  device  we  will  examine  normal  sea  level 
air  as  well  as  some  of  the  special  mixtures  which  have  been  studied  in  the 
multi -traversal  cell. 
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